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Declining amphibian populations and 
possible ecological consequences - a review 

Meike Mohneke & Mark-Oliver Rodel 

Abstract. Amphibian declines likely result in measurable changes in aquatic and riparian ecosystems. 
Here, we concentrate on potential consequences of the loss of larval anurans for aquatic ecosystems. In 
rural savanna regions of West Africa, freshwater ecosystems are essential water resources for humans and 
cattle. Altering these ecosystems therefore may have important economic and health consequences. Pro¬ 
spective impacts on water chemistry, algae and aquatic invertebrate taxa are highlighted. 
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Introduction 

A stable ecosystem maintains its character¬ 
istic diversity of major functional groups, 
its productivity, and rates of biogeochemical 
cycling despite predictable or unpredictable 
natural disturbances. However, an altered 
biodiversity may affect ecosystem properties 
and there may be a point at which alterations 
will adversely affect ecosystem functions 
and potentially even human welfare (Daily 
et al. 1997, Loreau et al. 2001, Hooper et 
al. 2005, Dobson 2006). Studies investigat¬ 
ing the ecological role of amphibians indicate 
that, along with the inherent tragedy of these 
losses, amphibian declines will likely result 
in measurable effects to aquatic and ripar¬ 
ian ecosystems. Today, many amphibian spe¬ 
cies are threatened with serious population 
declines (Houlahan et al. 2000, Stuart et 
al. 2004). Increasing pressure from habitat 
degradation, fragmentation and alteration, 
commercial overexploitation, invading ex¬ 
otic species, UV-B radiation, chemical con¬ 
taminants and the pathogenic chytrid fun¬ 
gus, Batrachochytrium dendrobatides, which 
causes chytridiomycosis, are defined as the 
main causes for their declines (Halliday 
2008, Lips et al. 2008, Stuart et al. 2008). 
Currently one in three amphibian species 


is threatened with extinction (Stuart et al. 
2004, 2008). This loss may have serious and 
deleterious ecological effects and will consti¬ 
tute not only a significant loss to global bio¬ 
diversity but also the loss of a variety of direct 
benefits to humans (Tyler et al. 2007). 

Larval amphibians live in freshwater hab¬ 
itats where they are important primary and 
secondary consumers (Fig. 1), and even pred¬ 
ators (Fig. 2). If they are lost directly (e.g. due 
to agrochemical products) or indirectly (re¬ 
moval of adults), impacts are likely on algal 
assemblages and primary production (e.g. 
Osborne & McLachlan 1985, Wilbur 1997, 
Ranvestal et al. 2004), sediment dynam¬ 
ics and seston quality (e.g. Ranvestal et al. 
2004), and other aquatic fauna such as mos¬ 
quito larvae (Blaustein & Chase 2007). For 
rock-pools in Malawi it has been shown that 
tadpoles play a major role in transferring nu¬ 
trients from sediment particles to the wa¬ 
ter column, where they become available to 
planctonic and epineustic algae (Osborne & 
McLachlan 1985). The abundant adult con¬ 
sumers of invertebrates and the herbivorous 
tadpoles furthermore serve as food for a va¬ 
riety of predators, such as dragonfly larvae, 
water beetles and bugs, turtles, snakes, birds 
and mammals (e.g. Wager 1965, Heyer & 
Muedeking 1996, McCollum & Leimberg- 
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er 1997, McDiarmid & Altig 1999, Rodel 
1999, Poulin et al. 2001, Kopp et al. 2006, 
Toledo et al. 2007). 

In tropical ecosystems amphibians often 
occur in vast abundance, e.g. African puddle 
frogs, Phrynobatrachus, which occur abun¬ 
dantly in forest (Ernst & Rodel 2006) and 
savanna ecosystems (Barbault 1967, Gard¬ 
ner et al. 2007). In a swampy valley in cen¬ 
tral Ivory Coast Barbault (1972) record¬ 
ed up to 1,453 Phrynobatrachus per hectare. 
Rodel (1998) counted tadpole (up to 20 spe¬ 
cies) densities of up to 22.4-30.7 individuals 
per liter in temporary West African savanna 
ponds. In a shallow pond, not drying up, he 
detected more than 1,200 tadpoles per m 2 . 
Declining tadpole numbers will therefore 
most likely result in altered energy and nu¬ 
trient cycles, and changes of water chemistry 
may be expected. 

However, in order to understand the sig¬ 
nificance of these losses and their actual con¬ 
sequences more quantitative and qualitative 
information on the ecological roles of am¬ 
phibians and their different ontogenetic stag¬ 
es is urgently needed (Whiles et al. 2006). 
Here, we summarize some of the more likely 
consequences of anuran species loss in a par¬ 
ticular environment. Our main emphasis is 
on the aquatic larval stage, which comprises 
various functional groups of ecological im¬ 
portance to freshwater systems (e.g. carni¬ 
vore, herbivore, detritivore, filter-feeding, or 
suspension-feeding tadpoles; McDiarmid & 
Altig, 1999). 

Ecological consequences 

Tadpoles, many of which are primary con¬ 
sumers, have been shown to profoundly in¬ 
fluence ecosystem structure and function by 
altering algal assemblages, patterns of prima¬ 
ry production, and organic matter dynamics 
in a variety of freshwater habitats (e.g. Kup- 
ferberg 1997, Flecker et al. 1999). However, 
to date, only a handful of manipulative field 
studies have shown that primary production. 


nutrient cycling, and invertebrate popula¬ 
tions change when tadpoles are removed or 
reduced in numbers (Osborne & Mclach- 
lan 1985, Lamberti et al. 1992, Flecker et 
al. 1999, Kiffney & Richardson 2001, Ran- 
vestal et al. 2004). 

Water quality 

Ecologists have always been interested on 
how abiotic factors affect living organisms. 
Many studies have analyzed how amphibi¬ 
ans are affected by different chemicals, hence 
by water quality. But reciprocal effects like¬ 
wise exist. Most anuran larvae are filter-feed¬ 
ers (McDiarmid & Altig 1999), playing an 
important ecological role in the maintenance 
of water quality. Filtering activity is often so 
high, that the complete volume of many wa¬ 
ter bodies is turned over in a short time (Os- 
troumov 2005), e.g. a maximum filter feed¬ 
ing capacity of 770 ml filtered water per gram 
per minute was detected for Xenopus laevis 
(Daudin, 1802) tadpoles (Viertel 1992). 

Seale (1980) reported that tadpoles are 
able to reduce natural eutrophication by re¬ 
ducing rates of primary production, i.e. tad¬ 
poles reduce nitrogen input into the aquatic 
system by cutting down the biomass of nitro¬ 
gen-fixing blue-green algae and by exporting 
nitrogen assimilates from the aquatic to the 
terrestrial environment via metamorphosis. 
Tadpoles are even able to remove bacteria 
from water. To sustain themselves on such 
a diet, tadpoles have to filter a water volume 
equal to their own body every few minutes 
(Sanderson & Wassersug 1990). A decline 
of tadpoles might therefore easily result in eu¬ 
trophication of ponds. This was reported for 
temperate regions (Seale 1980), but may be 
of even larger importance in tropical aquatic 
ecosystems (Osborne & McLachlan 1985, 
Rodel 1998). Gaining knowledge about the 
different aspects of ponds’ water quality reg¬ 
ulation may be essential, especially in tropi¬ 
cal savanna regions where temperate waters 
are of extreme value for the local populations 
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(Fig. 3) and their cattle (Fig. 4). Unfortunate¬ 
ly and despite their importance for humans, 
little research has been done on the ecology 
and function of tropical ponds. 

Algal vegetation 

Tadpoles growth rates are often limited by 
the availability of phytoplankton (Johnson 
1991). Conversely, tadpoles’ foraging behav¬ 
ior and activity influence phytoplankton 
growth (Wilbur 1997). Tadpole exclusion 
experiments are a valuable method to in¬ 
vestigate tadpoles’ effect on algae in aquatic 
ecosystems. By using this approach, Fleck¬ 
er et al. (1999) detected that tadpoles signifi¬ 
cantly reduced the periphyton biomass in an 
Andean stream. This effect became strong¬ 
er with increasing tadpole density. Roughly 
speaking, by feeding on periphyton and asso¬ 
ciated organic sediments, tadpoles clean up 
the bottom. In upland Panamanian streams 
Ranvestel et al. (2004) showed that dia¬ 
toms were significantly more abundant and 
species rich on tiles in enclosures, than on 
tiles where tadpoles had access to. Grazing 
and bioturbating tadpoles had the potential 
to transform assemblages of tall, stalked and 
erect or loosely attached algae, into a more 
cropped assembly of closely attached and low 
growing species, that were able to persist un¬ 
der the grazing pressure. It is further possible 
that tadpoles grazing on periphyton may free 
nutrients for the phytoplankton, and phyto¬ 
plankton grazers may free nutrients for the 
periphyton. A severe reduction of tadpoles 
will thus significantly increase algal biomass, 
alter algal assemblage structure and increase 
the accumulation of organic and inorganic 
sediments on the substratum (Ranvestel et 
al. 2004). 

Other grazing species 

Many studies examined density dependent 
effects on tadpole growth and development 


(e.g. Adolph 1931, Alford 1989, Wilbur 
1997, Flecker et al. 1999, Blaustein & 
Chase 2007). High densities of intra- and 
interspecificly competing tadpoles can lead 
to slower growth rates, longer time to met¬ 
amorphosis, lower mass at metamorphosis 
and a higher overall mortality rate (Flecker 
et al. 1999, Rudolf & Rodel 2007). Similarly, 
tadpoles can also affect other grazers or filter 
feeder such as dipteran larvae (McLachlan 
1981, Knight et al. 2004). While sometimes 
tadpoles actually increase the access to food, 
which is usually not available to dipteran lar¬ 
vae (McLachlan 1981), in most interactions 
tadpoles negatively affect them (Blaustein 
& Margalit 1994, 1996, Mokany & Shine 
2002a, b). Hence, a loss of anuran larvae will 
entail a competition release in favor of larval 
dipterans. 

Mosquitoes 

Adult, blood-sucking mosquito females of¬ 
ten are vectors for human diseases, such as 
malaria, yellow fever, etc. Hence, knowledge 
about factors affecting their abundance is im¬ 
portant for human welfare. During the 1990s 
a series of outdoor experiments were under¬ 
taken in the Negev Desert, Israel, to exam¬ 
ine the interaction between mosquito larvae 
(Culiseta longiareolata Macquart, 1838; Cu- 
licidae) and tadpoles of the Green toad (Bufo 
viridis Laurenti, 1768; Blaustein & Mar¬ 
galit 1994, 1995, 1996). They revealed that 
both species feed on periphyton and co-oc- 
cur in very high densities. When tadpoles 
and invertebrate larvae started their develop¬ 
ment simultaneously they competed strong¬ 
ly, but symmetrically. However, if one spe¬ 
cies started development earlier, the more 
advanced larvae acted as intraguild preda¬ 
tors and preyed on the other species’ larvae. 
So, early-stage Culiseta larvae are vulnerable 
to predation by Bufo tadpoles. Mockany & 
Shine (2003a, b) carried out further experi¬ 
ments on the interactions between mosqui¬ 
toes and tadpoles in Australia. They detect- 
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Fig. 1. Young tadpole of Kassina fusca feeding on Fig. 4. Water quality in West African temporary 
the water plant Ceratophyllum submersum. savanna ponds is of large importance to herdsmen 

and their cattle (Photo: Jorg Szarzynski). 




Fig. 2. Hoplobatrachus occipitalis tadpole pursuing 
and feeding on a Ptychadena tellinii larva. 



Fig. 5. Mosquito larvae ( Aedes ) feeding on peri¬ 
phyton in a small rock-pool, Pendjari National 
Park, Benin. 



Fig. 3. Water from temporary ponds is used by 
the human population in many tropical countries. 
Water quality in these waters depends on tadpo¬ 
les’ filter-feeding activity. This photo was taken in 
Burkina Faso. 


ed that survival rate and adult wing size of 
Culex quinquefasciatus Say, 1823 and Och- 
lerotatus australis (Erichson, 1842) (both 
Culicidae) were significantly reduced in the 
presence of competing tadpoles. This kind 
of knowledge could play an important role 
in mosquito control, as wing size can affect 
mosquito longevity and the ability to repro¬ 
duce. The mechanisms behind this phenom¬ 
enon are not clearly understood. Fungi in the 
tadpoles’ feces may act as growth inhibitors. 
It is clear however, that mosquito larvae are 
strongly affected by their interactions with 
tadpoles. The presences of competitors pre¬ 
dominantly affect growth and development, 
but hence indirectly may also affect survival 
rates. Mosquito and anuran larvae often act 
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on the same trophic levels. Many Anopheles 
(Culicidae) and Culex larvae are primarily fil¬ 
ter feeders, consuming phytoplankton while 
many Aedes (Culicidae) and Culiseta mos¬ 
quito larvae are primarily periphyton feed¬ 
ers (Stav et al. 2005, Matthys et al. 2006, 
Blaustein & Chase 2007). Hence, anuran 
and controphic dipteran larvae usually com¬ 
pete with each other and may both alter algal 
assemblages and biomass. 

Some tadpoles do not only compete with 
mosquito larvae, but act on a higher trophic 
level as mosquito predators. This especially 
concerns the very effectively hunting tad¬ 
poles of the African Hoplobatrachus occipita¬ 
lis (Gunther, 1858). However, these carnivo¬ 
rous tadpoles hunt other tadpoles alike (Fig. 
2; Rodel 1998, Spieler & Linsenmair 1998) 
and thus reduced numbers of these predators 
may result in higher densities of other tadpole 
species and consequently may increase com¬ 
petitive pressure on mosquito larvae. Declin¬ 
ing populations of i.e. H. occipitalis, which is 
harvested in huge quantities (Mohneke et al. 
2009), may thus very differently affect mos¬ 
quito populations. 

Human health consequences of 
declining frog populations 

In terms of incidence rate and mortality 
caused by vector-borne disease, mosquitoes 
are the most dangerous animals confront¬ 
ing mankind with socio-economical and po¬ 
litical consequences, and thus threaten more 
than two billion people in tropical and sub¬ 
tropical regions. Malaria caused by the pro¬ 
tozoans Plasmodium spp. and transmitted by 
Anopheles spp., affects more than 100 tropical 
countries with 90% of infected people living 
in tropical Africa. The enormous total loss of 
lives, treatment costs, lost labor and result¬ 
ing negative impact of the disease on devel¬ 
opment, makes malaria a major social and 
economic burden. In Africa malaria gener¬ 
ates annual costs of almost 12 billion US $, 
slowing the continents economic growth by 
1.3% per year (WHO 2004). In addition to 


malaria, arboviruses like the yellow fever, 
dengue 1-4, West Nile virus, which are trans¬ 
mitted by Aedes spp., and filariosis, caused 
by nematodes and transmitted by Culex spp. 
and Mansonia spp. (Culicidae) cause major 
health problems as well. 

Studies have shown that malaria transmis¬ 
sion is usually higher in rural than in urban 
areas (Staedke et al. 2003). There, finding 
mosquito larvae co-occurring with tadpoles 
in temporary ponds is more likely (Matthys 
et al. 2006). The number of adult mosquitoes 
is largely regulated by abiotic and biotic fac¬ 
tors such as predation, parasitism, competi¬ 
tion and food (Barrera et al. 2006). Despite 
the well known negative effects on biodiver¬ 
sity, it has been reported that mosquito num¬ 
bers decreased following the arrival of Cane 
toads in the Caribbean, Papua New Guin¬ 
ea, and Australia (Hagman & Shine 2007). 
Hagman & Shine (2007) postulated that 
Cane toad tadpoles, bu reducing the size of 
female mosquitoes, may reduce the insects’ 
disease-carrying potential as smaller mos¬ 
quitoes have lower fitness and are less likely 
to transmit significant disease to humans. 

Although data are rare it seems clear that 
tadpoles play an important role in acting on 
mosquito population dynamics and regulat¬ 
ing quality of stagnant waters worldwide. To 
understand and predict the direct and indi¬ 
rect effects of amphibian decline, for example 
by habitat loss or over-exploitation, is hence 
an urgent research need. 
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